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(54) LIQUID CRYSTAL DISPLAY DEVICE WITH TOUCH PANEL AND TOUCH PANEL 

(57) The touch-panel equipped liquid crystal display 
apparatus has a polarizing plate (11), a 1/4 wave plate 
(12), a touch panel (19), a 1/4 wave plate (16), and a liq- 
uid crystal cell (18), which are disposed in the above- 
mentioned order from the display surface side. The 
arrangement is made such that the polarization axis of 
the polarizing plate (11) and the slow axis within the film 
surface of the 1/4 wave plate (12) make an angle of 45° 
substantially, and the slow axis within the film surface of 
the 1/4 wave plate (16) and the polarization axis of the 
emission light from the liquid crystal cell (18) make an 
angle of 45° substantially. Further, the slow axes of the 
1/4 wave plates (12) and (16) are arranged not in paral- 
lel with each other, or not cross over at right angles. 
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Description 

Technical Field 

[0001 ] The present invention relates to a liquid crys- 
tal display apparatus equipped with a transparent touch 
panel capable of preventing a decrease in the visibility, 
which is caused by the reflection of external light when 
it is mounted on liquid crystal cell, and to a touch panel 
used in the apparatus. 

Background Art 

[0002] Recently, an attention is focused on the liq- 
uid crystal display element as an image display ele- 
ment, and it is expected the liquid crystal display 
apparatus is applied to a portable electronic databook, 
data terminal, the view finder of a video camera, the 
monitor of a car navigator, as a kind of its usage. These 
days, there is a demand of an input method, in which a 
transparent touch panel is placed on the display ele- 
ment of each of these devices as an input device, and 
an input can be made while monitoring the screen. Con- 
ventionally, in such usage, a so-called resistance-film 
type touch panel, which is a touch panel manufactured 
with use of polyethylene terephthalate (PET) film having 
a transparent conductive film thereon and glass having 
a transparent conductive film thereon, is stacked on a 
liquid crystal display element to be used. 
[0003] Meanwhile, as the usage of the touch panel 
widens, there are demands created, such as the 
improvement of the contrast of the display and the pre- 
vention of the reflection of external light, and therefore a 
technique of integrating a touch panel and a liquid crys- 
tal display apparatus together is attempted. Such a 
technique is, as described in Jpn. Pat. Appln. KOKAI 
Publication No. 10-48625, a liquid crystal display appa- 
ratus, in which a touch panel is provided between a dis- 
play surface-side polarizing plate and cell having a 
liquid crystal material sealed between transparent elec- 
trode substrates (to be called as liquid crystal cell here- 
inafter), and further a retardation corresponding to a 1/4 
wavelength to visible light is imparted to the transparent 
conductive substrate constituting a touch panel, or cor- 
responding 1/4 wave plates are adhered together, so as 
to build a touch panel therein, thus preventing internal 
reflection light. In particular, from the display surface 
side, a polarizing plate, a 1/4 wave plate A, a touch 
panel, a 1/4 wave plate B and a liquid crystal cell are 
arranged in the order, and further slow axes of the 1/4 
wave plates A and B are arranged to be in parallel or 
perpendicular with each other, so as to prevent the 
return of light to the display surface due to the reflection 
of external light by the 1/4 wave plate A. Further, unde- 
sirable coloring on the display and a decrease in con- 
trast, which are caused by the 1/4 wave plate A, can be 
prevented by the 1/4 wave plate B. 
[0004] In the case of the above-described structure, 



it is necessary that the polarization light axis of polar- 
ized light emitted from the liquid crystal cell in the cases 
where a voltage is applied to liquid crystal and where it 
is not, the polarization axis of the display surface-side 

5 polarizing plate, and slow axes of the 1/4 wave plates A 
and B within a film surface, satisfy such a relationship 
that a diagonal position, that is. the difference in axial 
angle between the polarization axis and the slow axis of 
the 1/4 wave plate, becomes 45° . In the case of liquid 

10 crystal display apparatus of an ordinary twist nematic 
type, a typical example of which is a thin-film transistor 
liquid crystal display device (TFT), the polarization axis 
of emitted light from a liquid crystal cell while a voltage 
is applied or not applied to the cell makes 45° or 135° in 

is many cases, and similarly, the polarization axis of the 
polarizing plate on the display surface side makes 45° 
or 1 35°. (Note that the absolute angle of each axis is set 
to 0° in the horizontal direction as viewed from the dis- 
play surface side, and h increase positively in the coun- 

20 ter-clock wise direction, as shown in FIG. 1 .) Therefore, 
the slow axis of the 1/4 wave plate is arranged towards 
the 0° or 90° direction. 

[0005] In the meantime, the 1/4 wave plate industri- 
ally produced, a typical example of which is a retarda- 

25 tion film, is prepared by cutting a continuous roll-shaped 
retardation film of 100m or more, into necessary sizes, 
and the slow axis is directed in the long side direction of 
the roll-shaped film (the machine length direction, to be 
called MD direction, hereinafter), or in the width direc- 

: 3o tion of film (to be called TD direction). Therefore, the 
roll-shaped retardation film can be cut into display sizes 
at high yield by matching the display surface side direc- 
tion with the MD or TD direction. 
[0006] In the case of a liquid crystal display appara- 

35 tus which does not have the above-described structure, 
that is, for example, in the case of a liquid crystal display 
apparatus such as of a special TN type, or an STN type 
having a super-twist nematic structure, the polarization 
axis of the emission light from the liquid crystal cell does 

40 not make 45° or 135° as in the former TN type, or in 
many cases, the polarization axis differs depending on 
the transmission wavelength. Therefore, it is necessary 
to arrange the slow axes of 1/4 wave plates A and B to 
be inclined in accordance with the emission light polari- 

45 zation axis, in order to reduce the reflection light and 
minimize the change in color tone. Thus, it is necessary 
to cut the 1/4 wave plate at an angle with respect to the 
TD direction of the roll-shaped retardation film, which 
causes a remarkable reduction of the yield. 

so [0007] Usually, as the surface side substrate of the 
touch panel, a thin glass plate or plastic film optically 
isotropic, which has a transparent conductive layer, is 
used. However, in the case of the plastic film, it gener- 
ally has a low retardation of about 5 to 20 nm, and its 

55 slow axis is directed to the MD or TD direction. There- 
fore, as can be seen in Jpn. Pat. Appln. KOKAI Publica- 
tion No. 10-186136, there has been a proposal that its 
slow axis is arranged to be parallel with the slow axis of 
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the 1/4 retardation plate A so as to adjust the sum of the 
retardation values of both. Here, in the case where the 
slow axis of the 1/4 retardation plate is arranged to be 
inclined as described above, the plastic film having a 
transparent conductive layer should necessarily be cut 
and arranged inclined to be along the 1/4 retardation 
plate. Therefore, not only the 1/4 retardation film, but 
also the film having the transparent conductive layer will 
have a remarkable decrease in the yield. 
[0008] Further, there is an attempt that a 1/4 wave 
plate is cut out from the roll -shape retardation film on 
which a touch panel transparent electrode is formed, 
and the 1/4 wave plate and the electrode substrate are 
integrated with each other. With such a structure, the 
layer structure on the touch panel display surface side 
(input surface side) becomes simple, and therefore the 
tool force necessary for input becomes simple. It is, fur- 
ther, advantageous that the production cost is lowered. 
However, as already described, the attempt entails a 
problem that the yield significantly decreases due to the 
fact that the layer need be cut to be inclined with respect 
to the film TD direction. Further, the film includes the 
roll-shaped retardation film which has been subjected to 
the secondary process including the transparent con- 
ductive process, which is an expensive film, and there- 
fore the production cost will be markedly increased. 

Disclosure of the Invention 

[0009] In order to solve the above-described prob- 
lem, the inventors of the present invention made inten- 
sive studies, and found that with newly use of a 1/2 
wave plate having a retardation of 1/2 wavelength with 
respect to visible light, the slow axes within the film sur- 
faces of 1/4 wave plates A and B can be arranged sub- 
stantially in a direction of 0° or 90° without deteriorating 
the optical characteristics, which has matured into the 
present invention. 

[0010] Further, they found that the slow axis within 
the film surface of the 1/4 wave plate A can be arranged 
substantially in a direction of 0° or 90° without deterio- 
rating the optical characteristics, and thus the yield can 
be improved, by the relative angle between the two 1/4 
wave plate delay axes is shifted from vertical crossing or 
running in parallel with each other while the relative 
arrangements with respect to the polarization axis angle 
of emitted light from the polarizing plate and liquid crys- 
tal cell. 

[0011] Thus, according to the first aspect of the 
present invention, there is provided a touch-panel 
equipped liquid crystal display apparatus comprising: a 
polarizing ptate A; a 1/4 wave plate A; a touch panel; a 
1/4 wave plate B; and a liquid crystal cell, which are dis- 
posed in the above-mentioned order from the display 
surface side, characterized in that at least one 1/2 wave 
plate C is arranged at a position between the display 
surface side polarizing plate A and the liquid crystal celt, 
and the slow axis within the film surface of the 1/4 wave 



plate A is set substantially in a direction of 0° or 90° . 
[0012] Further, according to the second aspect of 
the present invention, there is provided a touch-panel 
equipped liquid crystal display apparatus according to 

s the first aspect, wherein the 1/4 wave plates A and B, 
the 1/2 wave plate C and the touch panel are laminated 
into an integral body, and the 1/4 wave plate A is lami- 
nated on the display surface side of the touch panel, 
whereas the 1/4 wave plate B and the 1/2 wave plate C 

10 are laminated on the opposite side surface of the touch 
panel. 

[0013] According to the third aspect of the present 
invention, there is provided a touch-panel equipped liq- 
uid crystal display apparatus comprising: a polarizing 

is plate A; a 1/4 wave plate A; a touch panel; a 1/4 wave 
plate B; and a liquid crystal cell, which are disposed in 
the above-mentioned order from the display surface 
side, characterized in that the slow axis within the film 
surface of the 1/4 wave plate A is set substantially in a 

20 direction of 0° or 90° , the slow axis within the film sur- 
face of the 1/4 wave plate B is set substantially at a 
diagonal position to the direction of the polarization axis 
direction of the emitted light from the liquid crystal cell, 
and the slow axes of the 1/4 wave plates A and B are 

25 arranged not in parallel with each other, or not cross 
over at right angles. 

[0014] Further, according to the fourth aspect of the 
present invention, there is provided a touch-panel 
equipped liquid crystal display apparatus according to 

30 the third aspect, wherein the 1/4 wave plates A and B, 
and the touch panel are laminated into an integral body, 
and the 1/4 wave plate A is laminated on the display sur- 
face side of the touch panel, whereas the 1/4 wave plate 
B is laminated on the opposite side surface of the touch 

35 panel. 

Brief Description of the Drawings 
[0015] 

40 

FIG. 1 is a view showing an axial angle display 
method in the present invention; 
FIG. 2 is a view showing an example of the touch- 
panel equipped liquid crystal display device accord - 
45 ing to the first aspect of the present invention; 

FIG. 3 is a view showing another example of the 
touch-panel equipped liquid crystal display device 
according to the first aspect of the present inven- 
tion; 

so FIG. 4 is a view showing still another example of the 
touch-panel equipped liquid crystal display device 
according to the first aspect of the present inven- 
tion; 

FIG. 5 is a view showing an example of the touch- 
55 panel equipped liquid crystal display device accord- 
ing to the second aspect of the present invention; 
and 

FIG. 6 is a view showing another example of the 
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touch-panel equipped liquid crystal display device 
according to the second aspect of the present 
invention. 

Best Mode for Carrying Out the Invention 

[0016] For the liquid crystal display apparatus 
according to the first aspect of the present invention, a 
known liquid crystal display apparatus such as of a twist 
nematic (TN) type or a super-twist nematic (STN) type 
can be used. 

[001 7] As a wave plate usable for the present inven- 
tion, a retardation film made of a known transparent 
plastic can be used. More specifically, plastic films of 
polycarbonate type, polyarylate type, polysulfone type, 
polyethersulfone type, vinyl chloride type, acrylonitryl 
type, stylene type, polypropylene type, polyolef ine type 
such as olefin-maleimide copolymer-based resin, poly- 
vynil alcohol type, cellulose acetate type, substituted 
norbornene type, and the like, can be preferably used. 
Examples of particularly preferable materials are plas- 
tics of polycarbonate-based, polyester carbonate-based 
and polyarylate-based, which are made of bisphenol 
having an alkylidene group, such as bisphenol A as a 
bisphenol component, and bisphenol having a substi- 
tuted or non-substituted cycloalkyldene. Further, 
polysulfone, polyethersulfone, norbornene-based resin 
disclosed in Jpn. Pat. Appln. KOKAI Publication No. 07- 
287122, and isobutylene-maleimide-based resin dis- 
closed in Jpn. Pat. Appln. KOKAI Publication No. 05- 
59193, can be preferably used. Especially preferable 
films are of polyarylate, polycarbonate and polyester- 
carbonate, which contain a bisphenol component hav- 
ing a substituted or non-substituted cycloalkylidene 
group, an alkylidene group having 5 or more carbons or 
an aromatic group. More specifically, examples thereof 
are polycarbonates, polyarylate and polyester carbon- 
ate containing, as a bisphenol component. l,1-bis(4- 
hydroxyphenyl)-cyclohexane, 1 , 1 -bis(4-hydroxyphenyl)- 
3,3,5-trimethylcyclohexane, 3,3-bis(4-hydroxyphenyl)- 
pentane, 4,4-bis(4-hydroxyphenyl)-heptane, l,l-bis(4- 
hydroxyphenyl)-1 -phenylethane. The wave plate used in 
the present invention is not limited to these plastics, but 
all of the known wave plates can be used. In general, 
the heat resistance of these plastics should preferably 
be 80°C or higher in terms of glass transition tempera- 
ture, more preferably be 120°C or higher, and even fur- 
ther more preferably be 160°C or more. 
[0018] The film which constitutes the wave plate 
regarding the present invention can be made by a 
known film formation method such as a molten extru- 
sion method or a solution flow casting method. The 
solution flow casting method is more preferable forming 
method since films having a smooth surface property, a 
small dispersion in thickness as well as in retardation. 
With the solution flow casting method, it is possible to 
obtain a film having a surface roughness (Ra value) of 
1 00 nm or less, and a thickness dispersion of 5% or less 



of the average film thickness. 

[001 9] ft is preferable, regarding the 1/4 wave plates 
A and B of the present invention, that the retardation 
value (Re) expressed by (nx - ny) x d is 1/4 wavelength 

5 with respect to visible light wavelength, where nx repre- 
sents the refractive index within the film surface in the 
slow axial direction, ny represents the refractive index in 
a direction perpendicular to the slow axial direction, nz 
represents the refractive index in the film thickness 

10 direction, and d represents the thickness of the film, and 
the retardation values of both wave plates should sub- 
stantially be the same. A preferable retardation value is 
90 nm to 200 nm, and more preferably, 1 10 nm to 160 
nm. 

is [0020] In the meantime, the retardation value of the 
1/2 wave plate C is 150 nm to 350 nm, preferably be 230 
nm to 320 nm, and particularly preferably be 250 nm to 
300 nm. 

[0021 ] For the object of the present invention, each 

20 of the wave plates should preferably be 1/4 or 1/2 wave- 
length over all wavelengths of visible light, and further it 
is preferable that a material with a retardation value of a 
wave plate, which has a small measurement wave- 
length dependency, should be selected. In particular, 

25 the material should preferably be of a type having a 
retardation with respect to light of a wavelength of 400 
nm is 0.7 times or more but 1.2 times or less with 
respect to light of a wavelength of 550 nm. As preferable 
plastics, wave plates made of, other than polyvinyl alco- 

30 hol or cellulose acetate, olefin-based plastics such as 
norbornene-based resin and isobutylene-maleimide- 
based resin, are preferable. Further, as can be seen in 
Jpn. Pat. Appln. KOKAI Publications No. 2-285304, No. 
5-100114, No. 10-68816 and No. 10-90521, a lamina- 

35 tion-type wave plate in which a plurality of retardation 
films are laminated such that the slow axes are dis- 
placed from each other, may be used. 
[0022] Further, it is preferable that the retardations 
of these wavelengths should be as constant as possible 

40 also with respect to light made incident at angle. It is 
preferable that wave plates which satisfy nz > ny, such 
as disclosed in Jpn. Pat. Appln. KOKAI Publications No. 
2-160204, No. 4-230704 and No. 5-157911, should be 
used. In the wave plates which satisfy nz > ny, the pref- 

45 erable relationship among nx, ny and nz varies depend- 
ing upon optical properties of each wave plate, and 
relative positions with regard to liquid crystal cell and 
touch panel, and therefore the relationship need be 
determined by experience. 

so [0023] The liquid crystal display apparatus accord- 
ing to the present invention has such a structure that a 
polarizing plate A, a 1/4 wave plate A, a touch panel, a 
1/4 wave plate B, and a liquid crystal cell are disposed 
in the above-mentioned order from the display surface 

55 side, and the slow axis within the film surface of the 1/4 
wave plate A is set substantially in a direction of 0° or 
90° and the 1/2 wave plate C is arranged at an appropri- 
ate position between the polarizing plate A and the liq- 
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uid crystal cell. 

[0024] The preferable position of the 1/2 wave plate 
C is between the polarizing plate A and the liquid crystal 
cell. In the case where the liquid crystal display appara- 
tus has a retardation film for color compensation 5 
between the liquid crystal cell and the display surface 
side polarizing plate A, it is preferable that the retarda- 
tion film for color compensation should be arranged 
between the 1/2 wave plate C and the liquid crystal cell. 
Further, a new 1/2 wave plate D is arranged between 
the display surface side polarizing plate A and the 1/4 
wave plate A such that the slow axis within the film 
crosses over with the 1/2 wave plate C at right angles, 
and in this manner, it becomes possible to prevent 
undesirable coloring on a display or a decrease in con- 
trast, which is caused by the 1/2 wave plate C. In this 
case, the preferable polarization axial direction of the 
polarizing plate A is influenced, and therefore the 
arrangement must be optimized. 
[0025] With reference to drawings, the touch panel- 
equipped liquid crystal display apparatus according to 
the first aspect of the present invention will now be 
described in detail. 

[0026] A specific embodiment of the present inven- 
tion is shown in FIG. 2 together with the illustration of 
the arrangements of axes. From the display surface 
side, a polarizing plate A1 , a 1/4 wave plate A2, a touch 
panel 9, a 1/4 wave plate B6 and a liquid crystal cell 8 
are disposed in the above-mentioned order. 
[0027] A resistance film type touch panel 9 of the 
present invention is a touch panel of a type in which two 
transparent conductive substrates on at least one sur- 
face of which a transparent conductive film is formed, 
are arranged such that the transparent conductive films 
face each other, and the transparent conductive sub- 
strate on the display surface side is pressed to bring the 
two conductive substrates into contact with each other, 
thus detecting the position. More specifically, the first 
transparent conductive substrate 3 and the second 
transparent conductive substrate 4 are formed as a 
combination such that the transparent conductive films 
6 face each other. Spacers, electrodes and insulation 
resin and the like are formed on the two transparent 
conductive substrates 3 and 4 to have functions of touch 
panel. As the first transparent conductive substrate 3, a 
type which a transparent conductive layer is formed on 
an optically isotropic film can be used. Further, the first 
transparent conductive substrate 3 may be combined 
with the 1/4 wave plate A, and as shown in FIG. 3, it is 
particularly preferable that the resultant of forming a 
transparent conductive film on the 1/4 wave plate A, 
should be used as the first transparent conductive sub- 
strate. Here, the MD direction of the film can be made to 
match the display surface longitudinal side direction, 
and therefore the dispersion of the transparent conduc- 
tive film resistance can be kept small, which is desira- 
ble. With such a structure, the film thickness on the 
touch panel display surface side (input surface side) can 



be reduced, thus making it possible to keep the pres- 
sure required for input by touch low. Thus, the input 
operation becomes easy, which is advantageous. The 
second transparent conductive substrate 4 is made of 
an optically isotropic material, generally, that in which a 
transparent conductive film is formed on a glass sub- 
strate, but it may be an optically isotropic plastic film or 
sheet. The second transparent conductive substrate 4 
may be used while sticking it to the 1/4 wave plate B, or 
of a type in which a transparent conductive film is 
formed directly on the 1/4 wave plate B. The resistance 
values of these transparent conductive films should 
preferably be from 1000/n to 1000n/n, more preferably 
150n/nto500O/n. 

[0028] In the case where the first transparent con- 
ductive substrate 3 or the second transparent conduc- 
tive substrate 4 are formed of an optically isotropic 
plastic film or sheet, the film or sheet generally has a 
slight retardation of about 5 to 20 nm, and the slow axis 
is directed in the MD or TD direction. In such a case, the 
slow axis of the film or sheet is arranged to be in parallel 
with or at right angles to the slow axes of the 1/4 wave 
plate A and the 1/4 wave plate B, and in this manner, 
adverse effects on the display characteristics can be 
prevented. 

[0029] The 1/2 wave plate C7 is usually arranged 
between the 1/4 wave plate B and the liquid crystal cell. 
The preferable slow axial angle of the 1/2 wave plate C 
depends upon the polarization state of light emitted 
from the liquid crystal cell employed, and is set such as 
to obtain the most preferable display image. 
[0030] In the case of an STN liquid crystal display 
device, the variation of the polarization state is complex 
since the birefringent effect is utilized. Generally, in the 
case of the STN liquid crystal display apparatus, a retar- 
dation film for color compensation is used to control the 
polarization state. In the case of a liquid crystal display 
in which a retardation film for color compensation is 
present on the display surface side of the liquid crystal 
cell, the liquid crystal cell of the present invention con- 
tains a retardation film for color compensation. There- 
fore, the 1/4 wave plates A and B, the touch panel and 
the 1/2 wave plate are placed between the polarizing 
plate A and the retardation film for color compensation. 
[0031] A liquid crystal cell is optically designed so 
that the emission light from the liquid crystal cell (in the 
case where a retardation film for color compensation is 
present, the light is emitted via the retardation film) 
maintains a linear polarization state. In particular, the 
emission light from the liquid crystal cell to which a volt- 
age is not applied does not depend very much on the 
wavelength of the transmission light, and a good linear 
polarization state is maintained. In the case where the 
touch-panel equipped liquid crystal display apparatus of 
the present invention is realized with use of the above- 
described liquid crystal display apparatus, and where 
the polarization axial angle of the emission light having 
a wavelength of 550 nm, from the liquid crystal cell, is 
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represented by a, and the slow axial angles of the 1/4 
wave plate B and 1/2 wave plate C are represented by p 
and y, respectively, and in the case where the slow axis 
p within the film surface of the 1/4 wave plate B is set at 
substantially 0° or 90° , the arrangement should prefer- 
ably be made such that the slow axial angle y of the 1/2 
wave plate C substantially satisfies the following equa- 
tion: 

y = ((45 + 90 x n) + a)/2 

(where a is 0 or positive number, and n is an integer of 
0 or 1 to 3). In the case where the 1/4 wave plates A and 
B are made of the same material, it is possible to pre- 
vent undesirable coloring of transmission light, which is 
caused by the measurement wavelength dependency of 
the retardation value dependency of the retardation 
value, with the above-described arrangement. Further 
in the case where the second transparent conductive 
substrate 4 is an optically isotropic plastic film or sheet, 
which usually has a retardation as low as 5 to 20 nm as 
mentioned before, the arrangement of the 1/4 retarda- 
tion plate B should be set at 0° or 90° , that is, in parallel 
with or at right angles to the slow axis of the second 
transparent conductive substrate, in order to prevent the 
lowering of the yield of the second transparent conduc- 
tive substrate without deteriorating the display charac- 
teristics. Similarly, in the case where a type in which a 
transparent conductive film is formed directly on the 1/4 
wave plate B is used as the second transparent conduc- 
tive substrate, it is possible to prevent the lowering of 
the yield of the second transparent conductive sub- 
strate. 

[0032] In the case where the slow axis p within the 
film surface of the 1/4 wave plate B is not set at substan- 
tially 0° or 90° direction, the arrangement should prefer- 
ably be made such that a, p and y substantially satisfies 
the following equation: 

y = (a + p ± 45)/2. 

[0033] In particular, here, the absolute value of the 
difference between a and y should be set in a range of 
10° to 20° , so as to be able to prevent undesirable 
coloring of transmission light, which is caused by the 
measurement wavelength dependency of the retarda- 
tion value between the 1/2 wave plate C and the 1/4 
wave plate B. 

[0034] The range of preferable angles is that of -20° 
to 20° with respect to the values given by the above 
equations, more preferably, that of -15° to 15° and fur- 
ther more preferably that of -10° to 10° . More specifi- 
cally, in the case where the 1/4 wave plates A and B are 
arranged in such a state that they cross over at right 
angles with the slow axis, and the polarization axis of 
the display surface side polarizing plate A is 45° , where 
n is 1 or 3, and the polarization axis is 135° , it is prefer- 
able that the 1/2 wave plate C should be arranged at an 



angle where n is 0 (which corresponds to the arrange- 
ment shown in FIG. 3) or 2. In the case where the slow 
axes of the 1/4 wave plates A and B are arranged to be 
in parallel with each other, where the polarization axis of 
5 the display surface side polarizing plate A is 45°, n is 0 
or 2 t and where the polarization axis is 1 35°, it is partic- 
ularly preferable that the 1/2 wave plate C should be 
arranged at an angle where n is 1 or 3. Further, as an 
example for the case where the slow axis p within the 
w film surface of the 1 /4 wave plate B is not set at substan- 
tially 0° or 90° direction, in the case where the absolute 
value of the difference between a and y for a = 104° is 
set to 15°, y = 89° and p = 29° (FIG. 4). 
[0035] It is desirable that the 1/4 wave plate B and 
15 the 1/2 wave plate C are adhered to the liquid crystal 
cell 8 underneath the touch panel; however they may be 
adhered to the lower-side second transparent conduc- 
tive substrate 4 which constitutes the touch panel. Fur- 
ther, as already mentioned, in the case where the liquid 
crystal display apparatus has a retardation film for color 
compensation between the display surface side polariz- 
ing plate A and the liquid crystal cell, it is a preferable 
embodiment that the retardation film should be adhered 
to the lower-side second transparent conductive sub- 
strate 4 which constitutes the touch panel together with 
the 1/4 wave plate B and the 1/2 wave plate C. 
[0036] Further, the liquid crystal cell may include a 
new polarizing plate B which is separate from the polar- 
izing plate A, on the display surface side. In this case, 
the polarization axis of the emission light from the liquid 
crystal cell can be regarded as the polarization light axis 
of the polarizing plate B, and a relative angle between 
the polarization axis of the polarizing plate B and the 1/2 
wave plate C should preferably be an angle given by the 
equation. 

[0037] When another 1/2 wave plate D having a 
retardation of 1/2 wavelength is arranged between the 
polarizing plate A1 and the 1/4 wave plate A such that 
the 1/2 wave plate C and the slow axis cross over at 
right angles, the display quality can be improved. In this 
case, the preferable polarization light axial direction of 
the polarizing plate A is influenced, the arrangement 
should be optimized. In the case where the 1/2 wave 
plate D is arranged between the polarizing plate A and 
the 1/4 wave plate A, and the polarization axis of the 
polarizing plate A and the slow axes of the 1/2 wave 
plate and 1/4 wave plate A are represented by a', y* and 
P' (where p' = 0° or 90), the arrangement should prefer- 
ably satisfy the relationship represented by the following 
equation, as in the above-described case: 

y' = (a' + p' ± 45)/2. 

Here, it is particularly preferable that the absolute value 
of the difference between a and y should be selected 
from a range of 10° to 20° . 

[0038] When the polarizing plates A and B used in 
the present invention are subjected to a reflection pre- 
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venting process or an anti-glare process on their sur- 
faces, the reflection of external light can be reduced, 
which is further preferable. 

[0039] Further, in the liquid crystal display appara- 
tus of the present invention, apart from the touch panel 5 
or wave plates of the present invention, some other 
structure having a well-known display quality improving 
function may be provided at an appropriate position 
between the display surface side polarizing plate A and 
the liquid crystal cell, for the purpose of improvement of 10 
the field view angle of the display image, and improve- 
ment of brightness. 

[0040] For the liquid crystal display apparatus 
according to the second aspect of the present invention, 
a known liquid crystal display apparatus such as of a TN is 
type or an STN type can be used. 
[0041 ] As a wave plate usable for the present inven- 
tion, a retardation film made of a known transparent 
plastic can be used. More specifically, plastic films of 
polycarbonate type, polyarylate type, polysulfone type, 20 
polyethersulfone type, vinyl chloride type, acrylonitryl 
type, stylene type, polypropylene type, polyolef ine type 
such as olefin-maleimide copolymer-based resin, poly- 
vynil alcohol type, cellulose acetate type, substituted 
norbornene type, and the like, can be preferably used. 25 
Examples of particularly preferable materials are plas- 
tics of polycarbonate-based, polyester carbonate-based 
and polyaryiate-based, which are made of bisphenol 
having an alkylidene group, such as bisphenol A as a 
bisphenol component, and bisphenol having a substi- 30 
tuted or non-substituted cycloalkyldene. Further, 
polysulfone, polyethersulfone, norbornene-based resin 
disclosed in Jpn. Pat. Appln. KOKAI Publication No. 07- 
287122, and isobutylene-maleimide-based resin dis- 
closed in Jpn. Pat. Appln. KOKAI Publication No. 05- 35 
59193, can be preferably used. Especially preferable 
fifms are of polyarylate, polycarbonate and polyester- 
carbonate, which contains a bisphenol component hav- 
ing a substituted or non-substituted cycloalkylidene 
group, an alkylidene group having 5 or more carbons or 40 
an aromatic group. More specifically, examples thereof 
are polycarbonates, polyarylate and polyester carbon- 
ate containing, as a bisphenol component, 1,1-bis(4- 
hydroxyphenyl)-cydohexane, 1 ,1-bis(4-hydroxyphenyl)- 
3,3,5-trimethylcyclohexane, 3,3-bis(4-hydroxyphenyl)- 45 
pentane, 4,4-bis(4-hydroxyphenyl)-heptane, 1,1-bis(4- 
hydroxyphenyl)-1 -phenylethane. 

[0042] The wave plate used in the present invention 
is not limited to these plastics, but all of the known wave 
plates can be used. In general, the heat resistance of so 
these plastics should preferably be 80° C or higher in 
terms of glass transition temperature, more preferably 
be 120°C or higher, and even further more preferably be 
160°C or more. 

[0043] The film which constitutes the wave plate ss 
regarding the present invention can be made by a 
known film formation method such as a molten extru- 
sion method or a solution flow casting method. The 



solution flow casting method is more preferable forming 
method since films having a smooth surface property, a 
small dispersion in thickness as well as in retardation. 
With the solution flow casting method, it is possible to 
obtain a film having a surface roughness (Ra value) of 
100 nm or less, and a thickness dispersion of 5% or less 
of the average film thickness. 

[0044] It is preferable, regarding the 1/4 wave plates 
A and B of the present invention, that the retardation 
value (Re) expressed by (nx - ny) x d is 1/4 wavelength 
with respect to visible light wavelength, where nx repre- 
sents the refractive index within the film surface in the 
stow axial direction, ny represents the refractive index in 
a direction perpendicular to the slow axial direction, nz 
represents the refractive index in the film thickness 
direction, and d represents the thickness of the film, and 
the retardation values of both wave plates should sub- 
stantially be the same. A preferable retardation value is 
90 nm to 200 nm, and more preferably, 110 nm to 160 
nm. 

[0045] For the object of the present invention, each 
of the wave plates should preferably be 1/4 wavelength 
over all wavelengths of visible light, and further it is pref- 
erable that a material with a retardation value of a wave 
plate, which has a small measurement wave-length 
dependency, should be selected. In particular, the mate- 
rial should preferably be of a type having a retardation 
with respect to light of a wavelength of 400 nm is 0.7 
times or more but 1.2 times or less with respect to light' 
of a wavelength of 550 nm. As preferable plastics, wave 
plates made of, other than polyvinyl alcohol or cellulose 
acetate, olefin-based plastics such as norbornene- 
based resin and isobutylene-maleimide-based resin, 
are preferable. Further, as can be seen in Jpn. Pat. 
Appln. KOKAI Publications No. 2-285304 and No. 10- 
90521 , a lamination-type wave plate in which a plurality 
of retardation films are laminated such that the slow . 
axes are displaced from each other, may be used. 
[0046] Further, it is preferable that the retardations 
of these wavelength should be as constant as possible 
also with respect to light made incident at angle. It is 
preferable that wave plates which satisfy nz > ny, such 
as disclosed in Jpn. Pat. Appln. KOKAI Publications No. 
2-160204, No. 4-230704 and No. 5-15791 1 , should be 
used. In the wave plates which satisfy nz > ny, the pref- 
erable relationship among nx, ny and nz varies depend- 
ing upon optical properties of each wave plate, and 
relative positions with regard to liquid crystal cell and 
touch panel, and therefore the relationship need be 
determined by experience. 

[0047] The liquid crystal display apparatus accord- 
ing to the present invention has such a structure that a 
polarizing plate A11, a 1/4 wave plate A12, a touch 
panel 19. a 1/4 wave plate B16. and a liquid crystal cell 
18 are disposed in the above-mentioned order from the 
display surface side, and the slow axis within the film 
surfaces of the 1/4 wave plates A and B are set substan- 
tially not in parallel with each other or not cross over at 
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right angles. 

[0048] In the case of the STN liquid crystal display 
apparatus, the variation of the polarization state is com- 
plicated since it utilizes the birefringent effect. Gener- 
ally, in the case of the STN liquid crystal display 
apparatus, a color compensation retardation film is 
used to control the polarization state. In the case of a 
liquid crystal display in which a color compensation 
retardation film is present on the display surface side of 
the liquid crystal cell, the liquid crystal cell of the present 
invention contains a color compensation retardation 
film. Therefore, the 1/4 wave plates A and B and the 
touch panel are placed between the polarizing plate A 
and the color compensation retardation film. 
[0049] With reference to drawings, the touch panel- 
equipped liquid crystal display apparatus according to 
the first aspect of the present invention will now be 
described in detail. 

[0050] A specific embodiment of the present inven- 
tion is shown in FIG. 5 together with the illustration of 
the arrangements of axes. From the display surface 
side, a polarizing plate A1, a 1/4 wave plate A12, a 
touch panel 1 9, a 1/4 wave plate B1 6 and a liquid crystal 
cell 18 are disposed in the above-mentioned order. 
[0051] A resistance film type touch panel 19 of the 
present invention is a touch panel of a type in which two 
transparent conductive substrates on at least one sur- 
face of which a transparent conductive film is formed, 
are arranged such that the transparent conductive f flms 
face each other, and the transparent conductive sub- 
strate on the display surface side is pressed to bring the 
two conductive substrates into contact with each other, 
thus detecting the position. More specifically, the first 
transparent conductive substrate 13 and the second 
transparent conductive substrate 14 are formed as a 
combination such that the transparent conductive films 
15 face each other. Spacers, electrodes and insulation 
resin and the like are formed on the two transparent 
conductive substrates 13 and 14 to have functions of 
touch panel. As the first transparent conductive sub- 
strate 13, a type which a transparent conductive layer is 
formed on an optically isotropic film can be used. Fur- 
ther, the first transparent conductive substrate 13 may 
be combined with the 1/4 wave plate A, and as shown in 
FIG. 6, it is particularly preferable that the resultant of 
forming a transparent conductive film on the 1/4 wave 
plate A, should be used as the first transparent conduc- 
tive substrate. Here, the MD direction of the film can be 
made to match the display surface longitudinal side 
direction, and therefore the dispersion of the transpar- 
ent conductive film resistance can be kept small, which 
is desirable. With such a structure, the film thickness on 
the touch panel display surface side (input surface side) 
can be reduced, thus making it possible to keep the 
pressure required for input by touch low. Thus, the input 
operation becomes easy, which is advantageous. The 
second transparent conductive substrate 14 is made of 
an optically isotropic material, generally, that in which a 



transparent conductive film is formed on a glass sub- 
strate, but it may be an optically isotropic plastic film or 
sheet. The second transparent conductive substrate 14 
may be used while sticking it to the 1/4 wave plate B. or 
5 of a type in which a transparent conductive film is 
formed directly on the 1/4 wave plate B. The resistance 
values of these transparent conductive films should 
preferably be from 1 0QO/a to 1000H/O, more preferably 
1500/oto 500Q/D. 

10 [0052] In the case where the first transparent con- 
ductive substrate 13 or the second transparent conduc- 
tive substrate 14 are formed of an optically isotropic 
plastic film or sheet the film or sheet generally has a 
slight retardation of about 5 to 20 nm, and the slow axis 

75 is directed in the MD or TD direction. In such a case, the 
slow axis of the film or sheet is arranged to be in parallel 
with or at right angles to the slow axes of the 1/4 wave 
plate A and the 1/4 wave plate B, and in this manner, 
adverse effects on the display characteristics can be 

20 prevented. 

[0053] The slow axis within the film surface of the 
1/4 wave plate A is set substantially in a direction of 0° 
or 90°, and it is set substantially at a diagonal position to 
the direction of the polarization axis of the display sur- 

25 face-side polarizing plate A. Further, a liquid crystal cell 
is optically designed so that the emission light from the 
liquid crystal cell (in the case where a retardation film for 
color compensation is present, the light is emitted via 
the retardation film) maintains a linear polarization 

30 state. In particular, the emission light from the liquid 
crystal cell to which a voltage is not applied does not 
depend very much on the wavelength of the transmis- 
sion light, and a good linear polarization state is main- 
tained. The 1/4 wave plate B is arranged such that the 

35 slow axial axis within the film surface takes substantially 
a diagonal angle position with respect to the polariza- 
tion axis or the elliptic major axis of the emission light 
from the liquid crystal cell (in the case where a retarda- 
tion film for color compensation is present, the light is 

40 emitted via the retardation film). In the case where the 
major axial direction of the ellipse of the emission light 
from the liquid crystal cell somewhat varies depending 
upon the wavelength of the emission light as in the case 
of the STN liquid crystal cell, it must be determined by 

45 experience in such a range that the delay axis angle 
with respect to the 1/4 wave plate B does not deviate 
very much from the diagonal position, while considering 
that the display quality of the touch-panel -equipped liq- 
uid crystal display apparatus is kept optimal. Further, it 

so is necessary that the slow axes of the 1/4 wave plates A 
and B are arranged at such positions that they do not 
run in parallel with each other or not cross over at right 
angles. 

[0054] It is desirable that the 1/4 wave plate B is 
55 adhered to the liquid crystal cell 18 underneath the 
touch panel; however it may be adhered to the lower- 
side second transparent conductive substrate 14 which 
constitutes the touch panel. Further, as already men- 
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tioned, in the case where the liquid crystal display appa- 
ratus has a retardation film for color compensation 
between the display surface side polarizing plate and 
the liquid crystal cell, it is a preferable embodiment that 
the retardation film should be adhered to the lower-side 5 
second transparent conductive substrate 14 which con- 
stitutes the touch panel together with the 1/4 wave plate 
B. 

[0055] Further, the liquid crystal cell may include a 
new polarizing plate B which is separate from the polar- 
izing plate A, on the display surface side. In this case, 
the polarization axis of the emission light from the liquid 
crystal cell can be regarded as the polarization light axis 
of the polarizing plate B. 

[0056] When the polarizing plates A and B used in 
the present invention are subjected to a reflection pre- 
venting process or an anti-glare process on their sur- 
faces, the reflection of external light can be reduced, 
which is further preferable. 

[0057] Further, in the liquid crystal display appara- 
tus of the present invention, apart from the touch panel 
or wave plates of the present invention, some other 
structure having a well-known display quality improving 
function may be provided at an appropriate position 
between the display surface side polarizing plate A and 
the liquid crystal cell for the purpose of improvement of 
the field view angle of the display image, and improve- 
ment of brightness. 

6. Examples 

[0058] Methods of measuring physical properties in 
values presented in Examples and Comparative Exam- 
ples will be explained. 

< Retardation) 

[0059] with use of a microscopic polarization spec- 
trophotometer made by Oak Manufacturer Inc., a sam- 
ple was placed on a stage and the retardation was 
measured at a measurement wavelength of 550 nm. 
[0060] The present invention will now be described 
in detail with reference to Examples. 

(Example 1) 

[0061] A roll-type retardation film (whose slow axis 
is in the MD direction of the film) having a thickness of 
60 nm, a retardation of 1 40 nm and a width of 480 mm, 
made of polycarbonate [molecular weight of n SP/C = 
0.85 (32°C, 0.32g/dl in chloroform), a glass transition 
temperature of 206°C (DSC)], consisting of 1,1-bis(4- 
hydroxyphenyl)-3,3,5-trimethylcyclohexane, bisphenol 
A (molar ratio of 7 : 3) and phosgene, was used, and an 
epoxyacrylate-based ultraviolet curing coating solution 
in which a divinylbenzene-based filler having an aver- 
age grain diameter of 2 is dispersed, was applied 
and cured, thus obtaining a hard-coat layer having a 



thickness of about 2 um. On this surface, a transparent 
conductive film made of ITO was formed by a film roll-up 
type sputtering device, and thus a roll-type retardation 
film having a transparent conductive layer having a sur- 
face resistance of 4000/a. From the roll film, a size of 
about 7.5 inches (side: 150 mm, height: 110 mm) was 
cut out such that the display surface longitudinal direc- 
tion was in the MD direction, thus obtaining a 1/4 wave 
plate A having a slow axis directed in 0° . Here, four 
pieces could be cut out from the roll-type retardation film 
in the width direction, and the yield was 92%. Further, 
as the second transparent conductive substrate, a glass 
substrate having a transparent conductive layer having 
a surface resistance of 200Q/D, was used to assemble 
a transparent touch panel along with the 1/4 wave plate 
A. 

[0062] Further, as the 1/4 wave plate B, a retarda- 
tion film having a thickness of 75 nm, which is made of 
polycarbonate of bisphenol A was cut out from the roll- 
type film having a width of 480 mm such that the display 
surface longitudinal direction was set in the TD direction 
to cross over the 1/4 wave plate A at right angles. Here, 
the yield was 94%. 

[0063] Further, as the 1/2 wave plate C, a retarda- 
tion film having a thickness of 58 nm and a retardation 
of 270 nm, which is made of polycarbonate as in the 
above case, was used. 

[0064] In the meantime, as the liquid crystal display 
apparatus, a back-light equipped STN type liquid crystal 
display apparatus, having retardation films for color 
compensations on both surfaces of the liquid crystal 
cell, was used. The display surface-side polarizing plate 
was removed from the liquid crystal display apparatus, 
and the polarization light axis of the light emitted from 
the liquid crystal cell via the display surface side retar- 
dation film for color compensation was measured at var- 
ious wavelengths. The results were 110° at a 
wavelength of 450 nm, 104° at a wavelength of 550 nm 
and 1 03° at a wavelength of 650 nm. With use of this liq- 
uid crystal cell, a 1/2 wave plate was adhered on the 
display surface side retardation film for color compensa- 
tion such as to direct the slow axis in a 74.5° direction, 
and further a 1/4 wave plate B was adhered in lamina- 
tion such as to direct the slow axis in a 90° direction. 
After that, a touch panel to which a polarizing plate A 
subjected to a surface reflection preventing process 
was adhered such as to direct the polarization light axis 
in a 135° direction, was put on the 1/4 wave plate A via 
a spacer such that the display surface longitudinal direc- 
tions thereof match, thus assembling a touch-panel 
equipped liquid crystal display apparatus. The axial 
direction of each structural element is shown in FIG. 3. 
[0065] The liquid crystal display apparatus had an 
external light reflection rate of 1% or less, and exhibited 
a display image by no means inferior as compared to a 
display image before the touch panel was integrated. 
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(Example 2) 

[0066] A touch panel-equipped liquid crystal was 
obtained in a similar manner to that of Example 1 except 
that a roll-type retardation film having a thickness of 75 
and a retardation of 139 nm, which was made by a 
uniaxially expanded polyarylate film (glass transition 
temperature: 215°C; A1F75 of Kanegafuchi Chemical 
Ind. Co., Ltd.) with one shaft, was used. 

(Example 3) 

[0067] A touch panel-equipped liquid crystal was 
obtained in a similar manner to that of Example 1 except 
that a roll-type retardation film having a thickness of 75 
yim and a retardation of 1 39 nm, which was made by a 
uniaxially expanded polyarylate film (glass transition 
temperature: 190°C; U-100 of Unitika Ltd.) with one 
shaft, was used. 

(Example 4) 

[0068] A touch panel-equipped liquid crystal was 
obtained in a similar manner to that of Example 1 except 
that a new 1/4 wave plate D having the same structure 
as that of the 1/2 wave plate C is disposed between the 
display surface side polarizing plate A and the 1/4 wave 
plate A such that the slow axis cross over the 1/2 wave 
plate C at right angles, and the polarization light axis of 
the display surface side polarizing plate A was set to 1 4° 
. It exhibited a low external light reflection and a higher 
display image quality in terms of hue and contrast, as 
compared to that of Example 1 . 

(Example 5) 

[0069] A touch panel-equipped liquid crystal was 
obtained in a similar manner to that of Example 1 except 
that a 1/4 wave plate B and a 1/2 wave plate C were 
laminated in the above-mentioned order on the opposite 
side to the transparent conductive layer of the second 
transparent conductive substrate of the touch panel. 

(Comparative Example 1) 

[0070] In Example 1 , the liquid crystal display appa- 
ratus with a touch panel integrated therewith without 
using a 1/2 wave plate had a similar external light reflec- 
tion; however only a display image of a significantly low- 
ered contrast could be obtained. 

(Example 6) 

[0071 ] A transparent conductive film was formed of 
a polynorbornene-based film containing an ester group 
(tradename: ARTON, Japan Synthetic Rubber Co., Ltd., 
retardation: 1 1 nm), in place of the polycarbonate used 
in Example 1, into the first transparent electrode sub- 



S DOC ID <EP 1020755A1J_> 



strate, and a touch panel was assembled by directing its 
optical axis in 0° . Polycarbonate retardation films made 
of bisphenols having retardations of 131 nm, 141 nm 
and 270 nm were used as a 1/4 wave plate A, a 1/4 

5 wave plate B and a 1/2 wave plate C. 

[0072] In the meantime, as the liquid crystal display 
apparatus, a back-light equipped STN type liquid crystal 
display apparatus, having retardation films for color 
compensation on both surfaces of the liquid crystal cell, 

10 was used. The polarization light axis of the display sur- 
face side polarizing plate of this liquid crystal display 
apparatus was 1 4° . With use of the display surface side 
polarizing plate of the liquid crystal display apparatus as 
the polarizing plate B, a 1/2 wave plate C was adhered 

15 on the polarizing plate such as to direct the slow axis in 
a 74.5° direction, and further a 1/4 wave plate B was 
adhered in lamination such as to direct the slow axis in 
a 90° direction. After that, a 1/4 wave plate A was 
adhered to the display surface side (the first electrode 

20 substrate side) of the touch panel such as to direct the 
slow axis at 0° , and further a touch panel to which a 
polarizing plate A subjected to a surface reflection pre- 
venting process was adhered such as to direct the 
polarization light axis in a 135° direction, was put ther- 

25 eon via a spacer such that the display surface longitudi- 
nal directions thereof match, thus assembling a touch- 
panel equipped liquid crystal display apparatus. The liq- 
uid crystal display apparatus had an external light 
reflection of 4% or less, and exhibited a display image 

30 by no means inferior as compared to a display image 
before the touch panel was integrated. The yield of the 
1/4 wave plate A and the transparent conductive film 
was 92% and the yield of the 1 /4 wave plate B was 94%. 

35 (Example 7) 

[0073] A transparent conductive film was formed of 
a polycarbonate-made optically isotropic film (retarda- 
tion: 8 nm), used in Example 1 , into the first transparent 

40 electrode substrate, and a touch panel was assembled 
by directing its optical axis in 0°. Polycarbonate retarda- 
tion films made of bisphenols having retardations of 131 
nm, 141 nm and 270 nm were used as a 1/4 wave plate 
A, a 1/4 wave plate B and a 1/2 wave plate C. 

45 [0074] In the meantime, as the liquid crystal display 
apparatus, a back-light equipped STN type liquid crystal 
display apparatus, having retardation films for color 
compensation on bath surfaces of the liquid crystal cell, 
was used. The polarization light axis of the display sur- 

so face side polarizing plate of this liquid crystal display 
apparatus was 1 4° . With use of the display surface side 
polarizing plate of the liquid crystal display apparatus as 
the polarizing plate B. a 1/2 wave plate C was adhered 
on the polarizing plate B such as to direct the slow axis 

55 in a 74.5° direction, and further a 1/4 wave plate B was 
adhered in lamination such as to direct the slow axis in 
a 90° direction. After that, a 1/4 wave plate A was 
adhered to the display surface side (the first electrode 
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substrate side) of the touch panel such as to direct the 
slow axis at 0° , and further a touch panel to which a 
polarizing plate A subjected to a surface reflection pre- 
venting process was adhered such as to direct the 
polarization light axis in a 135° direction, was put ther- 5 
eon via a spacer such that the display surface longitudi- 
nal directions thereof match, thus assembling a touch- 
panel equipped liquid crystal display apparatus. The liq- 
uid crystal display apparatus had an external light 
reflection of 4% or less, and exhibited a display image w 
by no means inferior as compared to a display image 
before the touch panel was integrated. 

(Comparative Example 2) 

75 

[0075] In Example 1, the 1/4 wave ptate B was 
adhered to the liquid crystal cell without using a 1/2 
wave plate C such that the slow axis is set at 59° so that 
it would make an angle of 45° with respect to the polar- 
ization light axis of the emission light from the liquid 20 
crystal cell. Meanwhile, the slow axis was set at a 149° 
direction so that the 1/4 wave plate A crosses over with 
the 1/4 wave plate B at right angles, and thus the roll film 
was cut into touch panels. Since the slow axis is 
inclined, only 3 pieces could be cut out from the film 25 
width direction. The yield was very low as 53%. and the 
yield of the 1/4 wave plate B was also 53%. Thus 
obtained touch panel-equipped liquid crystal display 
apparatus had optical characteristics similar to those of 
Example 1. 30 

(Example 8) 

[0076] As in Example 1 , a touch panel-equipped liq- 
uid crystal display apparatus having such an axis 35 
arrangement as shown in FIG. 4 was assembled. The 
liquid crystal display apparatus had an external light 
reflection of 4% or less. Further, while keeping the yield 
of the 1/4 wave plate from lowering substantially, a black 
display with less coloring as compared to the display 40 
image obtained in Example 1 was achieved, thus exhib- 
iting an excellent display performance. 

(Comparative Example 3) 

45 

[0077] With use of a norbornene-based film, 1/4 
wave plates A and B and a 1/2 wave plate, a touch 
panel-equipped liquid crystal display apparatus similar 
to that of Example 2 was assembled. Thus obtained 
touch panel-equipped liquid crystal display apparatus so 
had optical characteristics similar to those of Example 
1 . The yield of the 1/4 wave plate A or transparent con- 
ductive film was low as 53%, and the yield of the 1/4 
wave plate B was also 53%. 

55 

(Example 9) 

[0078] A roll-type retardation film (whose slow axis 



is in the MD direction of the film) having a thickness of 
60 urn, a retardation of 140 nm and a width of 480 mm, 
made of polycarbonate [molecular weight of ti SP/C = 
0.85 (32°C, 0.32g/dl in chloroform), a glass transition 
temperature of 206°C (DSC)], consisting of 1,1-bis(4- 
hydroxyphenyl)-3,3,5-trimethylcyclohexane, bisphenol 
A (molar ratio of 6 : 4) and phosgene, was used, and an 
epoxyacrylate-based ultraviolet curing coating solution 
in which a divinylbenzene-based filler having an aver- 
age grain diameter of 2 urn is dispersed, was applied 
and cured, thus obtaining a hard-coat layer having a 
thickness of about 2 um. On this surface, a transparent 
conductive film made of ITO was formed by a film roll-up 
type sputtering device, and thus a roll-type retardation 
film having a transparent conductive layer having a sur- 
face resistance of 400O/D. From the roll film, a size of 
about 7.5 inches (side: 1 50 mm, height: 110 mm) was 
cut out such that the display surface longitudinal direc- 
tion was in the MD direction, thus obtaining a 1/4 wave 
plate A having a slow axis directed in 0° . Here, four 
pieces could be cut out from the roll-type retardation film 
in the width direction, and the yield was 92%. Further, 
as the second transparent conductive substrate, a glass 
substrate having a transparent conductive layer having 
a surface resistance of 200O/D, was used to assemble . 
a transparent touch panel along with the 1/4 wave plate 
A. 

[0079] Further, as the 1/4 wave plate B, a retarda- 
tion film having a thickness of 75 um and a retardation 
of 141 nm, which was prepared by expanding a polycar- 
bonate film uniaxially, was used. 
[0080] In the meantime, as the liquid crystal display 
apparatus, a back-light equipped STN type liquid crystal 
display apparatus, having retardation films for color 
compensation on both surfaces of the liquid crystal cell, 
was used. The display surface-side polarizing plate was 
removed from the liquid crystal display apparatus, and 
the polarization light axis of the light emitted from the 
liquid crystal cell via the display surface side retardation 
film for color compensation was measured at various 
wavelengths. The results were 110° at a wavelength of 
450 nm, 104° at a wavelength of 550 nm and 103° at a 
wavelength of 650 nm. With use of this liquid crystal 
cell, a 1/4 wave plate B was adhered on the display sur- 
face side retardation film for color compensation such 
that the slow axis in a 59° direction so as to make an 
angle of 45° with respect to the polarization axis of the 
emission light of 550 nm. After that, a touch panel to 
which a polarizing plate A subjected to a surface reflec- 
tion preventing process was adhered such as to direct 
the polarization light axis in a 135° direction, was put on 
the 1/4 wave plate A via a spacer such that the display 
surface longitudinal directions thereof match, thus 
assembling a touch-panel equipped liquid crystal dis- 
play apparatus. The axial direction of each structural 
element is shown in FIG. 4. 

[0081] The liquid crystal display apparatus had an 
external light reflection rate of 1% or less and a contrast 
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ratio of display image of 18, and exhibited a display 
image by no means inferior as compared to a display 
image before the touch panel was integrated. 

(Comparative Example 4) s 

[0082] In Example 9. the liquid crystal display appa- 
ratus in which the touch panel was integrated such that 
the 1/4 wave plate B and the 1/4 plate A cross over at 
right angles had a similar external light reflection. How- io 
ever, only a display image with a contrast of the screen 
which was significantly lowered to 10 or less was 
obtained, and further the color balance of the image 
was markedly deteriorated. 

15 

(Example 10) 

[0083] A touch panel-equipped liquid crystal was 
obtained in a similar manner to that of Example 9 except 
that a roll-type retardation film having a thickness of 75 20 
urn and a retardation of 139 nm, which was made by a 
uniaxially expanded polyarylate film (glass transition 
temperature: 215°C; A1F75 of Kanegafuchi Chemical 
Ind. Co., Ltd.) with one shaft, was used. Thus obtained 
liquid crystal display apparatus had similar perform- 25 
ances as those of Example 9. 

(Example 11) 

[0084] A touch panel-equipped liquid crystal was 30 
obtained in a similar manner to that of Example 9 except 
that a roll-type retardation film having a thickness of 75 
^im and a retardation of 139 nm, which was made by a 
uniaxially expanded polyarylate film (glass transition 
temperature: 190°C; U-100 of Unitika Ltd.) with one 35 
shaft, was used. Thus obtained liquid crystal display 
apparatus had similar performances as those of Exam- 
ple 9. 

(Example 12) 40 

[0085] A touch panel-equipped liquid crystal was 
obtained in a similar manner to that of Example 9 except 
that a roll-type retardation film having a thickness of 85 
nm and a retardation of 139 nm, which was made of a 45 
norbornene-based resin (tradename; ARTON, a prod- 
uct of Japan Synthetic Rubber Co., Ltd.), was used. The 
liquid crystal display apparatus had an external light 
reflection rate of 1% or less and a contrast of 19, and 
exhibited a display image by no means inferior as com- so 
pared to a display image before the touch panel was 
integrated. 

(Example 13) 

55 

[0086] A film having a transparent conductive layer 
was obtained in a similar manner to that of Example 9 
except that an optically isotropic film having a thickness 
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of 100 jim, which was made of a norbornene-based 
resin (tradename: ARTON, a product of Japan Synthetic 
Rubber Co., Ltd.), was used. With use of this film, a 
touch panel was assembled as in Example 9. 
[0087] Further, as the 1/4 wave plates A and B, 
films having a thickness of 75 um and a retardation of 
137 nm, which was prepared by expanding polycar- 
bonate made of bisphenol A uniaxially, were used. The 
polarizing plate A, the 1/4 wave plate A and the touch 
panel were adhered together in lamination in the men- 
tioned order, to have the same axial arrangement as 
that of Example 9. Meanwhile, the 1/4 wave plate B was 
laminated to the liquid crystal cell as in Example 9, and 
the lamination was adhered to the touch panel, thus 
obtaining a touch-panel liquid crystal display apparatus. 
Here, the contrast of the display image was 1 7, and the 
external light reflection was 1% or less. 

(Example 14) 

[0088] A touch panel-equipped liquid crystal was 
obtained in a similar manner to that of Example 9 except 
that the 1/4 wave plate B is laminated on a opposite sur- 
face to the transparent conductive layer of the second 
transparent conductive substrate of the touch panel. 
The liquid crystal display apparatus had an external 
light reflection rate of 6% and a contrast of the display 
image of 19. 

(Example 15) 

[0089] As the 1/4 wave plate A, a roll-type retarda- 
tion film having a thickness of 75 um and a retardation 
of 139 nm, which was made by a uniaxially expanded 
polyarylate film (glass transition temperature: 190°C; U- 
100 of Unitika Ltd.) with one shaft, was used. Further, 
as the 1/4 wave plate B, a retardation film having a thick- 
ness of 60 nm and a retardation of 139 nm, nx = 1 .591 2, 
ny = 1.5889 and nz = 1.5899, which was prepared by 
expanding polycarbonate made of bisphenol A as a 
bisphenol component, was used. Thus, a touch panel 
was assembled as in Example 9. With use of this touch 
panel, a touch panel -equipped liquid crystal was 
obtained in a similar manner to that of Example 9. Thus 
obtained liquid crystal display apparatus had an exter- 
nal light reflection rate of 1% or less and a contrast ratio 
of display image of 18, and exhibited a display image by 
no means inferior as compared to a display image 
before the touch panel was integrated. If the touch 
panel-equipped liquid crystal display apparatus is 
viewed from an inclined direction, it did not exhibited a 
very significant decrease in contrast, and had a field 
view angle property similar to that of the display image 
before the touch panel was integrated. 

(Comparative Example 5) 

[0090] In Example 9, the 1/4 wave plate B was 



EP 1 020 755 A1 



12 

3DOCID: <EP 1020755A1_I_> 



23 



EP 1 020 755 M 



24 



adhered to the liquid crystal cell such that the slow axis 
is set at 59° so that it would make an angle of 45° with 
respect to the polarization light axis of the emission light 
from the liquid crystal cell. Meanwhile, the slow axis was 
set at a 149° direction so that the 1/4 wave plate A 
crosses over with the 1/4 wave plate B at right angles, 
and thus the roll film was cul into touch panels. Here, 
the polarization light axis direction of the polarizing plate 
on the display surface side was set to 104° . Since the 
slow axis is inclined, only 3 pieces could be cut out from 
the film width direction. The yield was very low as 53%. 
Thus obtained touch panel-equipped liquid crystal dis- 
play apparatus had optical characteristics similar to 
those of Example 9. 

(Example 16) 

[0091] A transparent conductive film was formed of 
a polynorbornene-based film containing an ester group 
(tradename: ARTON, Japan Synthetic Rubber Co., Ltd., 
retardation: 1 1 nm), in place of the polycarbonate used 
in Example 9, into the first transparent electrode sub- 
strate, and a touch panel was assembled by directing its 
optical axis in 0° . Polycarbonate retardation films made 
of bisphenols A having retardations of 13i nm and 141 
nm were used as a 1/4 wave plate A and a 1/4 wave 
plate B. 

[0092] In the meantime, as the liquid crystal display 
apparatus, a back-light equipped STN type liquid crystal 
display apparatus, having color compensation retarda- 
tion films on both surfaces of the liquid crystal cell, was 
used. The polarization light axis of the display surface 
side polarizing plate of this liquid crystal display appara- 
tus was 14° . With use of the display surface side polar- 
izing plate of the liquid crystal display apparatus as the 
polarizing plate B, a 1/4 wave plate B was adhered on 
the polarizing plate such as to direct the slow axis in a 
149° (= -31° ) direction. After that, a 1/4 wave plate A 
was adhered to the display surface side (the first elec- 
trode substrate side) of the touch panel such as to direct 
the slow axis at 0° , and further a touch panel to which 
a polarizing plate A subjected to a surface reflection 
preventing process was adhered such as to direct the 
polarization light axis in a 135° direction, was put on the 
STN-type liquid crystal display apparatus via a spacer, 
thus assembling a touch-panel equipped liquid crystal 
display apparatus. The liquid crystal display apparatus 
had an external light reflection of 4% or less, and exhib- 
ited a display image by no means inferior as compared 
to a display image before the touch panel was inte- 
grated. The yield of the 1/4 wave plate A and the trans- 
parent conductive film was 92% whereas the yield of the 
1/4 wave plate B was 53%. 

(Example 17) 

[0093] A transparent conductive film was formed of 
a polycarbonate-made optically isotropic film having a 



thickness of 75 fim and a retardation of 8 nm, used in 
Example 9. Further, the transparent conductive film is 
formed into the first transparent electrode substrate by 
directing its optical axis in 0° , and thus assembling a 

5 touch panel. Polycarbonate retardation films made of 
bisphenol A having retardations of 131 nm and 141 nm 
were used as a 1/4 wave plate A and a 1/4 wave plate B. 
[0094] In the meantime, as the liquid crystal display 
apparatus, a liquid crystal display apparatus used in 

10 Example 9 was laminated on a color compensation 
retardation film such that the slow axis of the 1/4 wave 
plate B was set in a 59° direction. In the meantime, a 1/4 
wave plate A was adhered to the display surface side 
(the first electrode substrate side) of the touch panel 

75 such as to direct the slow axis at 0° , and further a touch 
panel to which a polarizing plate A subjected to a sur- 
face reflection preventing process was adhered such as 
to direct the polarization light axis in a 135° direction, 
was put on the STN type liquid crystal display cell via a 

20 spacer, thus assembling a touch-panel equipped liquid 
crystal display apparatus. The liquid crystal display 
apparatus had an external light reflection of 4% or less, 
and exhibited a display image by no means inferior as 
compared to a display image before the touch panel 

25 was integrated. 

(Comparative Example 6) 

[0095] With use of a norbor nene-based film and 1 /4 
30 wave plates A and B used in Example 1 6, a touch panel- 
equipped liquid crystal display apparatus similar to that 
of Comparative Example 2 was assembled. Thus 
obtained touch panel-equipped liquid crystal display 
apparatus had optical characteristics similar to those of 
35 Example 9. The yields of the 1/4 wave plates A and B 
and the transparent conductive film were all as low as 
53%. 

(Example 18) 

40 

[0096] In place of the polycarbonate used in Exam- 
ple 9, a film made of alternating copolymerized material 
of isobutylene and maleimide (tradename: TI-60, Tosoh 
Corporation: thickness 90 ^m, retardation: 140 nm), 

45 was used to form a transparent conductive film as in 
Example 9, which was made into the first transparent 
electrode substrate which also had a function of the 1/4 
wave plate A, and a touch panel was assembled by 
directing its optical axis in 0° . Further, a polycarbonate 

so retardation film made of bisphenols A having a retarda- 
tion of 141 nm was used as a 1/4 wave plate B. 
[0097] In the meantime, as the liquid crystal display 
apparatus, an STN type liquid crystal display apparatus, 
having a polarizing plate B used in Example 16 was 

55 used. The polarization light axis of the display surface 
side polarizing plate of this liquid crystal display appara- 
tus was 14° . Wrth use of the liquid crystal cell having 
the polarizing plate B, on the display surface side polar- 
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izing plate B, a 1/4 wave plate B was adhered on the 
polarizing plate such as to direct the slow axis thereof in 
a 149° (= -31° ) direction. After that, a 1/4 wave plate A 
was adhered to the display surface side (the first elec- 
trode substrate side) of the touch panel such as to direct 
the slow axis at 0° . and further a touch panel to which 
a polarizing plate A subjected to a surface reflection 
preventing process was adhered such as to direct the 
polarization light axis in a 135° direction, was put on the 
STN-type liquid crystal display apparatus via a spacer, 
thus assembling a touch-panel equipped liquid crystal 
display apparatus. The liquid crystal display apparatus 
had an external light reflection of 4% or less, and exhib- 
ited a display image by no means inferior as compared 
to a display image before the touch panel was inte- 
grated. The yield of the 1/4 wave plate A and the trans- 
parent conductive film was 92% whereas the yield of the 
1/4 wave plate B was 53%. 

Industrial Applicability 



tion y of the slow axis within the film surface of the 
1/2 wave plate C, substantially satisfies the follow- 
ing equation: 

5 y = ((45 + 90 x n) + a)/2 

(where a is 0 or positive number, and n is an integer 
of 0 or 1 to 3). 

10 4. The liquid crystal display apparatus according to 
claim 1, characterized in that at least one 1/2 wave 
plate C is arranged at a position between the 1/4 
polarizing plate B and the liquid crystal cell, and 
where the polarization axial angle of the emission 

15 light from the liquid crystal cell to which a voltage 
has not been applied, is represented by a, and the 
slow axis angles of the 1/4 wiave plate B and the 1/4 
wave plate C are represented by p and y, respec- 
tively, a, p and y substantially satisfies the following 

20 equation: 



[0098] With the present invention, it is possible to 
provide a touch panel-equipped liquid crystal display 
apparatus having less internal reflection, at low cost. In 
particular, when the STN-type liquid crystal display 
apparatus is used as the liquid crystal display appara- 
tus, the display apparatus, unlike the above<lescribed 
TN-type liquid crystal display apparatus, does not have 
an emission light polarization axis from the liquid crystal 
cell directed in a particular angle, and therefore the 
effect of the present invention can be further markedly 
exhibited. 

Claims 

1 . A liquid crystal display apparatus with a touch panel 
comprising: a polarizing plate A; a 1/4 wave plate A; 
a touch panel; a 1/4 wave plate B; and a liquid crys- 
tal cell, which are disposed in the above-mentioned 
order from the display surface side, characterized in 
that at least one 1/2 wave plate C is arranged at a 
position between the display surface side polarizing 
plate A and the liquid crystal cell, and the slow axis 
within the film surface of the 1/4 wave plate A is set 
substantially in a direction of 0° or 90° . 

2. The liquid crystal display apparatus according to 
claim 1 , characterized in that the slow axes of the 
1/4 wave plates A and B are arranged to cross over 
at right angles or in parallel with each other. 

3. The liquid crystal display apparatus according to 
claim 2, characterized in that at least one 1/2 wave 
plate C is arranged at a position between the 1/4 
polarizing plate B and the liquid crystal cell, and 
where the polarization axial angle of the emission 
light from the liquid crystal cell to which a voltage 
has not been applied, is represented by a, a direc- 



y = (a + p ± 45)/2 

(where p does not include 0° or 90° or multi- 
25 pies thereof by an integer). 

5. The liquid crystal display apparatus according to 
one of claims 1 to 4, characterized in that the liquid 
crystal cell further includes a new polarizing plate B 

30 on its display surface side, separately from the 
polarizing plate A. 

6. The liquid crystal display apparatus according to 
claim 1, characterized in that the 1/4 wave plate A 

35 serves also as a display surface side electrode sub- 
strate of the touch panel. 

7. The liquid crystal display apparatus according to 
claim 2, characterized in that the 1/4 wave plate A 

40 serves also as a display surface side electrode sub- 
strate of the touch panel. 

8. The liquid crystal display apparatus according to 
claim 3, characterized in that the 1/4 wave plate A 

45 serves also as a display surface side electrode sub- 
strate of the touch panel. 

9. The liquid crystal display apparatus according to 
claim 4, characterized in that the 1/4 wave plate A 

so serves also as a display surface side electrode sub- 
strate of the touch panel. 

10. The liquid crystal display apparatus according to 
claim 5, characterized in that the 1/4 wave plate A 

55 serves also as a display surface side electrode sub- 
strate of the touch panel. 

11. A touch panel characterized in that the 1/4 wave 
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plates A and B, the 1/2 wave plate C and the touch 
panel which are described in claim 1 , are laminated 
into an integral body, and the 1/4 wave plate A is 
laminated on the display surface side of the touch 
panel, whereas the 1/4 wave plate 6 and the 1/2 5 
wave plate C are laminated on the opposite side 
surface of the touch panel. 

12. The touch-panel according to claim 11, character- 
ized in that the 1/4 wave plate A serves also as a 10 
display surface side electrode substrate of the 
touch panel. 

1 3. A liquid crystal display apparatus with a touch panel 
comprising: a polarizing plate A; a 1/4 wave plate A; 15 
a touch panel; a 1/4 wave plate B; and a liquid crys- 
tal cell, which are disposed in the above-mentioned 
order from the display surface side, characterized in 
that: 

20 

the slow axis within the film surface of the 1/4 
wave plate A is set substantially in a direction of 
0° or 90° ; 

the slow axis within the film surface of the 1/4 
wave plate B is set substantially at a diagonal 25 
position to the direction of the polarization axis 
direction of the emitted light from the liquid 
crystal cell: and 

the slow axes of the 1/4 wave plates A and B 
are arranged not in parallel with each other, or 30 
not cross over at right angles. 



18. The liquid crystal display apparatus according to 
claim 15, characterized in that the 1/4 wave plate A 
serves also as a display surface side electrode sub- 
strate of the touch panel. 

19. A The liquid crystal display apparatus according to 
claim 13, characterized in that the liquid crystal cell 
further includes a new polarizing plate B on its dis- 
play surface side, separately from the polarizing 
plate A. 

20. A touch panel characterized in that the 1/4 wave 
plates A and B and the touch panel which are 
described in claim 13, are laminated into an integral 
body, and the 1/4 wave plate A is laminated on the 
display surface side of the touch panel, whereas the 
1/4 wave plate B is laminated on the opposite side 
surface of the touch panel. 

21. The touch panel according to claim 20, character- 
ized in that the 1/4 wave plate A serves also as a 
display surface side electrode substrate of the 
touch panel. 



14. The liquid crystal display apparatus according to 
claim 13, characterized in that, where a refractive 
index in the slow axis direction within the film sur- 35 
faces of the 1/4 wave plates A and B is represented 
by nx, a refractive index in a direction perpendicular 
to the slow axis is represented by ny, and a refrac- 
tive index in a film thickness direction is repre- 
sented by nz, 40 

at least one of the wave plates has a relation- 
ship nz > ny. 



15. The liquid crystal display apparatus according to 45 
claim 13 or 14, characterized in that the liquid crys- 
tal cell is a super twist nematic-type liquid crystal 
cell. 



16. The liquid crystal display apparatus according to so 
claim 13, characterized in that the 1/4 wave plate A 
serves also as a display surface side electrode sub- 
strate of the touch panel. 



17. The liquid crystal display apparatus according to ss 
claim 14, characterized in that the 1/4 wave plate A 
serves also as a display surface side electrode sub- 
strate of the touch panel. 
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